To investigate uptake of a Chest Injury Protocol (ChIP), examine factors influencing its implementation and identify interventions for promoting its use.
| INTRODUCTION
Isolated blunt chest injury often results from a low energy mechanism (such as a fall from standing height), sporting collisions or assaults. Failure to treat blunt chest injuries in a timely manner with sufficient analgesia, physiotherapy and respiratory support, can lead to complications such as pneumonia and respiratory failure and/or death (Leone et al., 2008) . Patients with at least three rib fractures have a significantly increased risk of in-hospital mortality (Holcomb, McMullin, Kozar, Lygas, & Moore, 2003; Testerman, 2006) , an effect even more pronounced in older patients (Kent, Woods, & Bostrom, 2008) in whom each additional rib fracture increases the risk of mortality by 19% and of pneumonia by 27% (Bulger, Arneson, Mock, & Jurkovich, 2000) . Much of literature around blunt chest injury advises implementation of strategies such as clinical practice guidelines to improve the care and outcomes of these patients (Kerr-Valentic et al., 2003; Testerman, 2006; Todd et al., 2006) . However, the majority of pathways reported in the literature do not consider patients with less than three rib fractures, the elderly, or those with underlying respiratory disease, all of which are risk factors for morbidity and mortality (Menditto et al., 2012; Sahr, Webb, Renner, Sokol, & Swegle, 2013; Sesperez, Wilson, Jalaludin, Seger, & Sugrue, 2001; Todd et al., 2006) . Given that pain caused by blunt chest injury is associated with restricted pulmonary function (Crandall, Kent, Patrie, Fertile, & Martin, 2000) , which can lead to serious complications, the need for an effective early intervention in this patient group is critical.
Major difficulties arise when introducing clinical guidelines and protocols into clinical practice (Grol & Grimshaw, 2003) , for example, clinician compliance with providing appropriate care for 22 conditions in a large cross-sectional study in Australia, ranged from 32% to 86% (Runciman et al., 2012) . Barriers to the implementation of evidence-based care in the challenging context of competing priorities in the ED can include lack of time, lack of resources, poor access to guidelines, complex guidelines, capacity for interdisciplinary teamwork, a lack of continuing education and an unsupportive organisational culture (Haynes & Haines, 1998; Grol & Grimshaw, 2003; Wallis, 2012) .
| BACKGROUND
To address the evidence-practice gap in patients with blunt chest injury, the Trauma and Emergency Departments (ED) in our Level 1 Trauma Centre collaborated with the pain, physiotherapy and aged care teams to develop a Chest Injury Protocol (ChIP) that consolidated the best available evidence on treatment of blunt chest injury (Curtis et al., 2016; Unsworth, Curtis, & Asha, 2015) . Comparable to a trauma team call (Davis et al., 2008) or "stroke page" (Batmanian et al., 2007) , which are known to improve patient and health service outcomes, ChIP is an early activation protocol that facilitates individually tailored, multidisciplinary management of blunt chest injury, including multimodal analgesia to optimise respiratory function. Early notification enables rapid multidisciplinary assessment and care tailored to the individual needs dependent on their premorbid condition. Each member of the ChIP team (or their afterhours delegate) received a message via their personal pager and was required to respond within 60 minutes. ChIP could be activated 24 h a day, 7 days a week. In a retrospective pre-to postcohort study, the likelihood of a patient who received a ChIP activation developing pneumonia was 56% lower than before ChIP introduction (Curtis et al., 2016) . In the cohort that received ChIP, more patients received a pain team, physiotherapy and trauma team review and the use of high flow nasal prong oxygen (HFNP), multimodal analgesia including patient controlled analgesia (PCA) (Curtis et al., 2016) .
| Implementation of a new protocol
The planning and implementation of ChIP included the engagement of stakeholders in its development. As the success of any new protocol relies on senior clinician support, particularly around pain management and coordination of patient care (Bennetts, Campbell-Brophy, Huckson, & Doherty, 2012) , ChIP was developed with each of the clinical specialties involved in the care of patients with rib fractures and was approved by the hospital executive. Given the multidisciplinary nature of ChIP, a working party of key stakeholders developed a consensus plan to streamline its successful implementation. Success hinged on protocol education and compliance of seven clinical specialties (medical, nursing and allied health) and the hospital switch board. The consultative process involved all disciplines involved and feedback was incorporated. This process was facilitated by the authors being senior clinicians at the study site with significant corporate knowledge.
What does this article contribute to the wider clinical community?
• Even an isolated rib fracture is associated with significant consequences, particularly in the elderly but the majority of literature advises implementation of clinical protocols for patients with three or more rib fractures. Introduction of an early notification protocol for ALL blunt chestinjured patients enabled multidisciplinary, tailored patient care that reduced the odds of patients developing pneumonia by 56%. The overall uptake of the protocol, however, is unknown, as are factors which hinder or help activation of the protocol. 
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To raise awareness of the importance of this new protocol, regular and ongoing staff education around the pitfalls of inadequate analgesia and the benefits of early multimodal analgesia and physiotherapy was conducted by the trauma service. Australian research published in 2012 reported that staff perceptions of patients' pain level and attitudes towards pain management were identified as barriers to the administration of analgesia (Shaban, Holzhauser, Gillespie, Huckson, & Bennetts, 2012 ). An education package was developed based on the aforementioned topics. The package explains the physiological effects of chest wall injury on respiration as well as the evidence around various clinical interventions to arrest or slow negative outcomes. The purpose and activation process of ChIP is also included. The trauma service has a regular clinical and educational presence throughout the hospital enabling access to staff immediately impacted as well as new clinicians as staff rotations occur. Regular (weekly) 45-min education sessions occurred initially and ongoing sessions booked with the medical and nursing educators in the ED and surgical wards. Large laminated copies of the flow chart were mounted in the ED, as well as on the hospital intranet site, both of which are readily accessible by all hospital staff.
ChIP was implemented in 2012, yet the extent to which ChIP is activated by staff is unknown, particularly whether all eligible patients received a ChIP activation or staff opinion in terms of ease of use, relevance and applicability.
| Aims
To describe and evaluate the implementation of ChIP, an early notification protocol for blunt chest injury. Specifically to:
1. Determine the incidence of uptake of the ChIP protocol 2. Identify facilitators and barriers to the protocol ChIP activation 3. Identify intervention strategies likely to be most feasible and effective in promoting uptake and optimising use of the ChIP protocol 3 | ME TH ODS ChIP was implemented in April 2012 at a large teaching and trauma hospital, the fourth busiest ED in New South Wales, the most populous state in Australia (over 70,000 patient visits in 2015), and 10% of the local population aged over 70 years.
| Design
This is a mixed-methods implementation evaluation study. We developed an implementation plan based on the Accelerated Implementation Methodology, the framework endorsed by the site health district, that focussed on engaging all stakeholders in the development of ChIP and educating impacted staff (NSW Agency for Clinical Innovation 2014). Two methods were used to evaluate the implementation of ChIP: Incidence of uptake of ChIP was calculated by identification and review of the characteristics of all patients eligible for ChIP; and facilitators and barriers to implementation were identified using a survey of hospital staff opinions mapped to the Theoretical Domains Framework (French et al., 2012) .
| Data collection

| Incidence of uptake of the ChIP protocol
The data collection period was from May 2012 to July 2014, patients hospitalised during this period meeting the inclusion criteria were included in the study. A 3-week "run in period" between protocol introduction (7th April 2012) and study inclusion was included to allow for implementation training and staff adjustment to the protocol. Patients were eligible for this study if they were adults, admitted to hospital, had isolated chest wall trauma and were eligible for ChIP activation (see Figure 1 ). Patients who received a ChIP call were identified from the hospital trauma registry. Potential patients that did not get a ChIP activation were identified by searching the hospital clinical information database using ICD-10 codes related to thoracic trauma. This was cross-checked with data from the trauma registry. The medical records were then retrieved and screened for inclusion and exclusion criteria. Patients were included if they would have fulfilled the ChIP eligibility criteria. These patients were allocated to the "No-ChIP" group.
Data for all patients were extracted using the same structured chart review method and data extraction template. Each data point was clearly defined and the section of the medical record from which the data item was to be obtained specified.
Demographic information included age and gender. Clinical information included Injury Severity Score (ISS), abbreviated injury score (AIS), the number of radiological rib fractures, time from injury to arrival, mechanism of injury and the Charlson Comorbidity Index. This Index is used to measure the burden of comorbid illness (Charlson, Pompei, Ales, & MacKenzie, 1987) . A score ≥5 is considered severe and indicates a high risk of dying from comorbid illness within 1 year (Charlson et al., 1987) . The AIS is an anatomical scoring system ranking injury severity and an AIS score greater than two signifies a serious injury (Copes et al., 1990) . ISS is an anatomical diagnosis system derived from the Abbreviated Injury Scale that provides an overall score for patients with multiple injuries (Baker, O'Neill, Haddon, & Long, 1974) . ISS was used to categorise injury severity as it is the most widely used injury scoring system (Curtis, Ramsden, & Lord, 2011) .
Additional data were collected on patients who were eligible but did not receive a ChIP call. This included the medical team the patient was admitted under, time of day of presentation and the qualification level of the most senior ED medical staff member that was documented as reviewing the patient.
| Facilitators and barriers to implementation
A survey was conducted in November and December 2014, on staff involved in activating, responding to and participating in ChIP. Survey participants were identified through points of contact in the trauma service, pain service, physiotherapy, ED and medical workforce. Participants were e-mailed a participant information sheet outlining the aims of the survey and participation requirements. Clinicians agreeing to participate completed the survey on an online platform. Participation in the survey was voluntary and confidential.
Participants were advised that they could withdraw their consent at any time. Reminder emails were sent out 2, 4 and 8 weeks after the initial invitation was distributed.
To identify and categorise any implementation problems, the survey (see Appendix S1) was designed and mapped to the Theoretical Domains Framework (TDF) (Cane, O'Connor, & Michie, 2012) . The TDF was used as it identifies a wide range of barriers to change and provides a broader spectrum of potential intervention components to improve ChIP implementation should it be required (Cane et al., 2012; French et al., 2012) . Questions that encompassed the barriers to implementing a protocol were also informed by the BARRIERs Scale (L egar e, 2009).
The survey consisted of the following areas of inquiry:
1. Clinician Demographics: including discipline, and role within the discipline. . These outcomes were all components of ChIP and were presented to assess the effectiveness of protocol implementation. Therefore, no adjusted analyses were performed.
Survey analysis
Qualitative survey data were imported to and coded using NVivo 10. A coding guide was developed based on the definitions of the TDF domains (Cane et al., 2012) . Qualitative survey data were coded using directed content analysis (Hsieh & Shannon, 2005) . Exemplar quotes illustrating the themes were identified in this process. Quantitative survey data were imported to and analysed using descriptive statistics using SPSS (IBM v21), and mapped to the TDF domains.
Intervention design using the Behaviour Change Wheel 
Selecting target behaviours
The authors discussed and considered ChIP activator and responder behaviours that could be targets for change. The behaviours of both activators and responders were considered as active participation by both of these groups is essential for the success of ChIP implementation and uptake. Behaviours were selected based on the impact they would make to ChIP implementation, the likelihood they could be changed and whether they would have positive spillover effects.
Conducting a behaviour analysis and diagnosis
To identify changes required for improved ChIP implementation, themes identified in the qualitative and quantitative data were mapped against the TDF domains. TDF domains considered to be targets for change were those that showed a disparity between reported behaviour and beliefs and/or were reported barriers/facilitators to ChIP implementation.
Identifying interventions to change target behaviours
TDF domains identified to be targets for change were mapped against the Behaviour Change Wheel (Michie et al., 2014) . Identified intervention functions of the BCW were then linked to possible Behaviour Change Techniques Taxonomy Version 1 (BCTTv1) that could be employed (Michie et al., 2013 
| Interventions for promoting uptake of ChIP
The ten TDF domains of behaviour requiring enhancement or modification to optimise the implementation of ChIP corresponded with all nine intervention functions in the BCW. Seven of these intervention functions met the APEASE criteria and were selected to address the target behaviours including: "training"; "education"; "environmental restructuring"; "enablement"; "persuasion"; "incentivisation"; and functions were refined and mapped to specific targets behaviours for change. Face-to-face consultation around the suitability of each BCT was conducted with the heads of departments and senior and junior clinicians from each impacted service (Table 5-see Appendix S2) .
| DISCUSSION
This study applied a systematic process to identify potential intervention options to improve the uptake of a blunt chest injury protocol known to improve patient outcomes. Only 68.4% of patients received | 4513 primary cause of the lack of activation. An analysis of quantitative and qualitative data obtained from a TDF-based staff survey identified a range of influences on the target behaviour, that is, activating the ChIP protocol when appropriate. Seven domains were identified as priority targets for future intervention efforts: "training"; "education"; "environmental restructuring"; "enablement"; "persuasion"; "incentivisation"; and "modelling." Both staff that activate, and staff that respond to the protocol were the targets for behaviour change.
| Revising the protocol
One of the overwhelming themes identified from the survey respondents was around the structure and content of the protocol. In particular, it was too complicated, and, it did not provide information on what clinical treatments to initiate in the ED. Hence, a revision of the protocol was conducted to address the intervention functions of education, training and enablement. This process was multifaceted.
First, a formal review of the literature was undertaken seeking any new evidence to inform the clinical management content of the protocol (Unsworth et al., 2015) . Informed by the literature review and user feedback, the protocol was updated to include treatment recommendations to guide the responding clinician. The algorithm/flow chart summarising the protocol was updated to reflect the revised protocol and simplified (see Figure 2 ). This draft revision was then circulated to and revised by the heads of department. The heads of department consulted with their respective staff about the revised protocol. Further modifications were then conducted. For example, the physiotherapists reported that they often attend the ED to review the patient; however, the patient has not had sufficient time between administration of analgesia to be able to undergo chest physiotherapy. This resulted in the physiotherapist having to leave the ED and reassess later, wasting their time. To address this barrier to physiotherapy response and effective clinical intervention, the protocol now states that the physiotherapist should liaise with the treating trauma nurse prior to review of the patient to ascertain readiness of the patient for physiotherapy assessment and treatment.
| Relaunch of the protocol
A strategy to relaunch and re-implement the protocol was developed is based on the findings of this study. This strategy is also The medical record review demonstrated that patients who did not receive the ChIP protocol were predominantly treated by junior emergency medical staff (registrars and residents). The reasons for this could be threefold. First, junior medical staff have a high rate of rotation, so may only work in the ED for three to six months.
Although they attend orientation, there are myriad protocols to remember and act upon. Further, the demanding ED clinical environment makes the conduct of quality patient assessments challenging.
Patients are more vulnerable to clinical error and adverse events due to excessive workload and time pressures (Flowerdew, Brown, Russ, Vincent, & Woloshynowych, 2012) , frequent interruptions (Berg et al., 2013) and multitasking (Laxmisan et al., 2007) The relaunch of this protocol aims to reduce some of the workload and time pressures for junior medical staff by activating and expediting an automated multidisciplinary response by the clinicians who will provide the ongoing care for the patient following discharge from the ED. That activating the protocol will achieve a reduction in the junior medical staff workload, and improve patients outcomes will be regularly communicated by the senior ED and trauma medical and nursing staff. Monitoring of the activation of the protocol will continue; however, the trauma staff who oversee this monitoring have committed to providing more real-time feedback and around junior medical staff behaviour.
| Roles of nurses
Another strategy to enable junior medical staff is the empowerment of nursing staff to prompt or activate the protocol. Nursing staff are a more stable workforce in the ED and possess a broad knowledge base and range of assessment skills to competently assess and care for patients of different ages (Munroe, Curtis, Murphy, Strachan, & Buckley, 2015) . Patients who present to the ED are frequently assessed and receive treatment commenced by emergency nurses before being seen by a medical officer (Scott, Considine, & Botti, 2015) . Despite this, some early career nurses lack confidence in their clinical practice and ability to make decisions (Baumberger-Henry, 2012), and, with nursing workforce shortages, there is an increasing number of new graduate nurses are seeking and gaining direct entry to ED (Baumberger-Henry, 2012; Glynn & Silva, 2013).
Education, persuasion, social support and modelling will be used to empower and enhance the self-efficacy of the ED nurses. Self-efficacy is the belief in one's capability to perform a given behaviour or course of action and higher levels of self-efficacy is associated with better assessment performance of emergency nurses (Hollingsworth & Ford-Gilboe, 2006) . Enhancing the self-efficacy of emergency nurses when performing assessments has the potential to improve their ability to carrying out urgent tasks and improve patient outcomes. Likewise with the junior medical staff, the trauma staff who oversee monitoring of the protocol activation have committed to providing more real-time feedback and around nursing staff behaviour.
| Enhancing motivation and opportunity
Enhancement of the motivation and opportunity of activators and responders to ChIP is critical to the success of the revised protocol.
Education is central to this, which is dependent on the support of the heads of departments. Each department has difference modes and availability of education for their staff and a plan will be developed in consultation with the heads of departments to ensure the revised protocol, and the rates of activation (as determined by the ongoing monitoring by the trauma service) features in education sessions, orientation and quality assurance meetings. Further to departmental clinical practice meetings and presentations, alternate forms of prompts will be implemented. For example, in the anaesthetics department tearoom, they use a 24/7 rotating slide show on a large screen as an adjunct to ongoing education. This slide show contains clinical updates, holiday photographs (to engage staff) and reminders. Each slide remains on the screen for 90 seconds. The protocol update will be included in this slide show. This mode of information sharing/ prompting was unique to the Anaesthetic department, and the process of consultation with heads of departments around suitable BCTTv1 resulted in similar interventions being adapted for other departments.
For example, this same concept will also be introduced to the ED tearoom, and has been approved by ED senior nurse manager and director. Purchasing of a screen by the ED is underway.
| Limitations
There were some limitations to this study. The selection of intervention strategies was subject to some interpretation, and the selection of BCT limited to a core group of key stakeholders. Evaluation of the effectiveness of the selected implementation strategies and BCTs will overcome any subjectivity and generate evidence on the effectiveness of the proposed implementation strategy.
The revised protocol now includes a blunt chest injury "care bundle," or a uniform set of evidence-based practices specific to a clinical presentation to be considered by the attending team (Resar et al., 2005) . The individual components of this bundle are well supported in the literature for improving outcomes in patients with blunt chest trauma (Unsworth et al., 2015) . Further implementation and evaluation of ChIP could validate and formalise the blunt chest injury "care bundle" across difference care settings. Finally, the ongoing monitoring of the activation of the revised protocol will enable evaluation of effectiveness of revised protocol and implementation strategy. For example, monitoring in the four month period immediately following the launch of the revised protocol indicates appropriate uptake of CHIP increased from 68% to 91%.
| CONCLUSIONS
This study has demonstrated how the behaviour change wheel may be used to revise and improve a clinical protocol in the ED context.
Intervention strategies and behaviour change techniques have been integrated into the redesign, improvement and re-implementation strategy of an evidence-informed early activation protocol known to expedite care and improve outcomes of patients with isolated blunt chest injury.
| RELEVAN CE TO CLINICAL PRACTICE
Newly implemented clinical protocols should incorporate clinician behaviour change assessment, strategy and interventions. Enhancing the self-efficacy of emergency nurses when performing assessments has the potential to improve patient outcomes and should be included in implementation strategy.
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